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Abstract 
This research work comprised two projects. The first one mainly focused on the 
synthesis of 12 alanine derivatives and analysis of their interactions with 
~-cyclodextrin through 1H NMR titration. And the other project was an investigation 
of the conjugation effect of alkynones in its addition reactions with tributyltin 
hydride. 
The synthesis of the alanine derivatives involved methyl esterification of alanine and 
then the substitution of an NH hydrogen with a benzoyl group. A total of 4 different 
substitution groups, labeled as the "A" groups, were introduced on the para-position 
of the benzoyl's phenyl group. Since alanine has one chiral center, we synthesized D-, 
L- and the racemic derivatives of alanine bearing these A groups, respectively. A total 
of 12 alanine derivatives were synthesized. 
These 12 alanine derivatives, which differ in their specific chirality or A groups, were 
later used as guest molecules for the study of their interactions with the host molecule, 
~-cyclodextrin. NMR titrations were carried out incrementally to study whether or 
not the host molecule can recognize guest molecules as non-solvent molecules and 
also, whether or not the host molecule can differentiate between the D- and L-
enantiomers of the guest molecules. The 1 H NMR titration experiments showed that 
all the guest molecules were recognized by the host molecule as indicated by the fact 
II 
that upon mixing with the host molecule, the chemical shifts of hydrogens on the 
benzene ring of the guest molecules changed. What's more, the hydrogens on the 
benzene ring of the D-isomer of the guest molecule with A being a nitro group (N02) 
exhibited greater changes in the aromatic proton area than its enantiomer. The other 
three types of guest molecules with their A groups being H, CH3, OCH3 respectively, 
did not show this type of chirality recognition or the recognition phenomenon was not 
obvious at all. 
The second project involved the addition reaction of alkynones with tributyltin 
hydride. Two different reaction conditions and two different starting materials were 
used . At first, tributyltin hydride was added to a solution of 1-phenyl-2-propyn-1-one 
to undergo an addition reaction that was expected to be consistent with 
Markovnicov's rule and yield an alkene with geminal hydrogens. However, 
unexpectedly, a new dimeric product, l,6-diphenyl-2,4-hexadiene-l,6-dione, was 
isolated in a very low yield with the major product being the trans alkene derived 
from the addition of the tributyltin to the triple bond. When using an icebath to cool 
the reaction solution down to 0 °C before the addition of tributyltin hydride, and 
stirring the reaction mixture for a longer time, no products with geminal hydrogen or 
alkenes with cis-configuration were isolated, nor was 
2,3-bis(methylene )-1,4-diphenyl-1,4-butanedione detected. The product isolated was 
still a trans alkene. However, when this procedure (with icebath and longer reaction 
time) was tried out with an ester, phenyl 2-propiolate, the expected alkene product 
III 
with geminal hydrogen was obtained. 
IV 
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Introduction 
Project 1 
Host-guest chemistry studies the chemistry within multi-molecular systems involving 
non-covalent interactions like hydrogen bonding, hydrophobic interactions, ion-ion 
and dipole interactions etc. Cyclodextrins (CDs) are cyclic oligomers of 
D-glucopyranose and a-CD comprises six glucopyranose units, P-CD comprises 
seven such units, and y-CD comprises eight such units. The purification of a- and 
y-CDs increases considerably the cost of production, so that 97% of the CDs used in 
the market are P-CDs.1 There are three stages in the history of cyclodextrin chemistry. 
The first stage was the discovery period of cyclodextrin chemistry, which ranged from 
1891 to the 1930s. In 1891, Villiers obtained, from 1000 g starch, about 3 g of a 
crystalline substance, which was later proved to be a cyclodextrin.2a Later, 
Schardinger observed that a-dextrin/iodine complex in thin layers is gray-green when 
dry and blue when damp whereas the crystalline P-dextrin/iodine complex is 
red-brown damp or dry.2b The second stage, from 1930s to the 1970s, mainly involved 
systematic studies on cyclodextrins and their inclusion complexes. In 1936, 
Freudenberg and co-workers postulated the cyclic structures of the crystalline 
Schardinger dextrins.2c In 1948-1950, another type of cyclodextrin, namely y-CD, was 
discovered and its structure was determined. By the end of the 1960s, the methods for 
the laboratory-scale preparation of cyclodextrins and their structures, physical as well 
as chemical properties had been discovered. The third stage is the industrial 
production and utilization of CDs, and this stage is from 1970s onward. The price of 1 
kg of ~-CD dropped from about 2000 US dollars in 1970 to several US dollars, 
depending on quality and quantity purchased in 1995. Also, in 1995, the total output 
of cyclodextrins worldwide was in excess of 1000 tons/year. What's more, 
a-cyclodextrin, ~-cyclodextrin, y-cyclodextrin and several of their derivatives were 
produced industrially. 2a 
Cyclodextrins are important host molecules because they are produced from a 
renewable natural material, starch; they can be produced in large amounts every year 
by environmentally friendly technologies, as a result, their prices are acceptable for 
most industrial purposes; important properties of complexed substances can be 
modified significantly; their toxic effects can be eliminated by selecting the 
appropriate cyclodextrin types or derivatives or mode of application; they can be 
consumed safely by human as ingredients of drugs, foods or cosmetics.2a 
2 
(A) 
(B) 
a 
Dimensions (nm) 
a b c d e 
e aCD 1.37 0.57 0.45 1.32 0.78 
pco 1.53 0.78 0.61 1.49 0.78 
c 
yCD 1.69 0.95 0.77 1.61 0.78 
d 
Figure 1 Cyclodextrins 3 
P-CD possesses some important structural features. The D-glucose units of P-CD are 
joined by a-1,4-glucosidic linkages.4 It has a hydrophobic cavity and hydrophilic 
external surface. 5 The cavity is chiral, with a volume of about 262 A3• 2a 
The study of P-CD and its inclusion of guest molecules is promising in the following 
3 
areas: the protection of easily oxidizable substances by isolating the guest molecule 
from atmospheric oxidants, the improvement of solubility of poorly soluble drugs, the 
reduction of volatility of certain substances by cyclodextrin complexation etc.2a 
Moreover, researchers have applied relevant studies to the fields of chemical sensor, 
dynamic display of bioactivity, modification of organic reaction, enlargement of 
fluorescence resonance energy transfer, modulation of the process of concentration 
and crystallization of membrane proteins. 6,7,s,9,1° 
Extensive studies involving cyclodextrin's ability in forming complexes with a wide 
range of guest molecules have been done in the past. For example, Villiers and Hebd 
discovered cyclodextrin inclusion compounds in 1891.11 In 2006, P-CD's inclusion of 
a series of bent [bisphenol A (BPA) and fluorinated bisphenol A (FBPA)] or linear 
[biphenol (BIP) and isopropylphenol (IPP)] phenol derivatives were investigated. 12 In 
addition, metobromuron, monolinuron, monuron and fenuron, which are all 
phenylurea analogues, were utilized as guest molecules to study the complex 
stoichiometries and stability constants of their complexes with cyclodextrins by 
researchers in 2009.13 Naproxen14 and hydrofluoroether15 were also explored as guest 
molecules in similar studies. 
Researchers have employed different methods to study P-CD's ability in recognizing 
guest molecules. First of all, NMR spectroscopy, including proton NMR, COSY and 
ROESY NMR etc, is commonly used to characterize the inclusion 
4 
process.16,l 7,l 8,l 9,20,21 ,22,23 Physical chemistry approaches that encompass quantum 
chemical calculations and molecular dynamics simulations etc have also been applied 
to the study of the complexation of P-CD with guest molecules.24,25 What's more, 
X-ray diffraction and solid state NMR have also been utilized in the study of P-CD's 
inclusion complex.22 
NMR titration has been used in previous studies to investigate P-CD's inclusion of 
guest molecules. In 2008, researchers Jennifer R. Cruz, Bridget A. Becker, Kevin F. 
Morris and Cynthia K. Larive reported their study of host-guest inclusion between 
P-CD and doxepin via NMR analysis, including NMR titration.21 
The guest molecule they used was doxepin, whose structure is shown in figure 2. It's 
a type of tricyclic antidepressants (TCAs). Although it has less cardiac side effects 
than other TCA drugs, it possesses some other types of cardiovascular side effects 
such as cardiac arrhythmia. 
H-1' 
E-doxepin 
I 
\ H-5'-4 
\ 
\ 
I 
I 
H-3'~ 
' I , \ ___ , 
p.cydodextrin 
Figure 2 Structure of E-doxepin and P-Cyclodextrin 
H-2' 
5 
There are several important results obtained from their study. First of all, the largest 
changes in the chemical shift were detected for the aromatic protons of one of the 
doxepin rings. In addition, the chemical shift for the rest of the protons of doxepin are 
much smaller. The researchers also built Job's plot to prove the inclusion occurred at a 
1: 1 stoichiometry. What's important is that the researchers also carried out 2D 
ROESY NMR analysis and claimed that the result of the 2D ROESY NMR is the 
most important evidence of the inclusion of the doxepin ring(Figure 4). Two 
dimensional ROESY NMR, along with 2D NOESY NMR, is a useful NMR technique 
to evaluate the distances between two different nuclei through space. If an 
off-diagonal signal is observed, the corresponding H's from the guest and host 
molecules respectively are thus "proved" to stay close at all time, which indicates the 
encapsulation of the guest inside the cavity of the host molecule. 
6 
p.co:Doxepin 
H-5' H-4' 
1:5 
1:3 
1:2 
1:1 
1:0.8 ________ _, -._..""'--_A __ 
1:0.2 
H·2' H-4' 
1:0 
I I I I I I I I I I I I I I I I I I I 
4.0 3.9 3.8 3.7 3.1 [ppm] 
Figure 3 The effect of the doxepin concentration on the NMR chemical shifts of the 
B-CD protons. 
CD =~~ .. ~i· • ' 
_:;;~D=~ ........... .......,_ 
_Bl_IOl_met _ _,.,..IC-<i • 
. 
• 
• 0 
• '° •• '° it! . . . 
7.0 6.0 5.0 
3.0 
'1" 4.0 
.. ,J 
5.0 j 11 ·i I t· 6.0 ""' ., :i··~ 
••• it tf 7.0 
' 
4.0 3.0 
ppm 
Figure 4 ROESY spectrum of a D20 solution containing 5 mM B-CD and 1 mM 
doxepin21 
7 
In addition, researchers Syed Mashhood Ali, Arti Maheshwari, Fahmeena Asmat and 
Mamoru Koketsu reported their study of ~-CD's inclusion of another type of guest 
molecule, enalapril maleate, using NMR techniques such as NMR titration and 2D 
ROESYNMR. 
Enalapril maleate is type of antihypertensive agent that functions as angiotensin 
converting enzyme (ACE) inhibitors. It can be used to treat hypentension, congestive 
heart failure etc. And its interconversion between two conformations (via the rotation 
ofN-C15 bond) is shown in figure 5. 
A: Enalapril malcatc (Major) B: Enalapril maleate (Minor) 
Figure 5 Structure of Enalapril maleate 
The researchers found that when enalapril maleate is present, the NMR signal for two 
types of hydrogens (H-3' and H-5') has displayed remarkable chemical shift changes 
whereas the peaks for the rest of the protons in ~-CD only showed negligible 
chemical shift changes (Figure 6). Furthermore, the chemical shift of some of the 
protons in the guest molecule also changed. And the researchers claim these results 
are the evidence that the enalapril-~-cyclodextrin complex formed upon mixing of the 
8 
guest molecule with ~-CD in solution. 
H-6' [HJ/fG]= 0.190 
[H)J[G] = 0.875 
H-3' H-6' ..., [H) 
.Li H-5' 
n 
3.9 3.8 3.7 3.6 3.5 
Figure 6 Partial 1H NMR (400 MHz) spectra of ~-CD [H] in the absence as well as in 
the presence of enalapril maleate [G] with different H/G ratios. 
2D NMR ROESY analysis was also performed by the researchers to gain more insight 
into the complexation of ~-CD with enalapril maleate. Based on the results of the 
ROESY analysis, the researchers believe there was a shallow penetration of the 
aromatic ring into the ~-CD cavity from narrower rim side. What's more, the 
researchers claim the host-guest complex formed with a 1 :2 stoichiometry since a 
cross peak between H-19 and H-2,4,6 of the guest molecule indicates that the benzene 
9 
ring of one guest molecule and 5-membered ring of another molecule shared one 
P-CD cavity. 
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Figure 7 2D ROESY spectrum (400 MHz) of mixture of P-CD [H] and 
enalapril maleate [G] ([H]/[G]=0.807). 
Based on the NMR analysis, the researchers proposed a structure for the inclusion 
complex. 
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Figure 8 Proposed structure for P-cyclodextrin-enalapril maleate Complex19 
Alanine, whose structure is shown in Figure 9, is a nonessential amino acid, which 
means it can be produced by human body. It can be found in a variety of foods. Its 
small size, low price and chirality make it an excellent raw material for the synthesis 
of guest molecules for P-cyclodextrin. 
Figure 9 Alanine 
In this study, alanine was chosen as the source of chirality. In addition, benzene ring 
was also introduced to the guest molecules since hydrophobic interactions could be 
one of the weak interactions that hold the guest molecules inside the host molecules. 
What's more, substituted functional groups nitro, methoxy and methyl groups were 
chosen as they are relatively small in size and nitro group is an electron withdrawing 
group; methyl and methoxy groups are electron donating groups. Furthermore, nitro 
group and methoxy group have the potential to form hydrogen bonds with the host 
molecule. Another molecule, where there is no special functional group attached to 
11 
the benzene ring, was also chosen as a reference to investigate the properties of guest 
molecules upon mixing with host molecule. 
In order to shape the guest molecules so that they can fit better into the cavity inside 
~-cyclodextrin, the acid end of the alanine was esterified and the amino end was also 
protected. 
NA 
00~ 
4NH 
MeO I 
Figure 10 Structures of Guest Molecules 
A=H, CH3, N02 ,OMe 
• indicates D·, L·, and racemlc 
were used respectlVely. 
In this study, 12 alanine derivatives were synthesized and employed as guest 
molecules to investigate ~-cyclodextrin's ability to recognize these guest molecules, 
which differ in either A groups or chiral properties. 
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Project 2 
Organotin hydrides have been used in many organic synthesis methods as reducing 
reagents or the intermediates in the generation of carbon-carbon bonds26• 
Tributyltin hydride is a relatively mild metal hydride usually used as a reducing 
reagent. It has been used in the preparation of aldehydes, hydrazoarenes etc27•28• It 
also serves as a mild source of nucleophilic hydride and commonly used in radical 
chain reductions18• 
As an efficient method for synthesis of alkenes, catalytic partial hydrogenation of 
alkynes is of special relevance in chemical industries. Conventionally, the process is 
done with quinoline-promoted CaC03 supported Pd catalyst partially poisoned with 
lead, also known as Lindlar's catalyst. However, the downside of such an approach is 
that sometimes overhydrogenation may occur. 19 In this study, tributyltin hydride was 
used as the reducing agent. 
We investigated the addition reaction of trybutyltin hydride with an alkynone and an 
alkyne ester. While the alkyne ester's reaction gave the desired geminal alkene, the 
conjugated alkynone produced 1,6-diphenyl-2,4-hexadiene-1,6-dione. This 
unexpected diene product indicates that conjugated alkyne may react via a different 
mechanism, due to the fact that the radical intermediate's stability has been affected 
by the conjugation. 
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The last step of the original synthetic route is a Diels Alder reaction. Diels Alder 
reaction, of which the discovery reaction is shown in scheme 2, is a [4+2] 
cycloaddition reaction and it was first described by Professor Otto Diels and his 
student, Kurt Alder, for which work they were awarded Nobel Prize in Chemistry in 
1950.29 The reaction may occur under relatively simple conditions such as heating the 
reactants in non-polar solvents. It usually leads to products with high yields.30 Lewis 
acids can be used as catalysts in many Diels Alder reactions even though no catalyst is 
needed in most cases. The Diels-Alder reaction is usually reversible. However, 
normally, higher temperatures are required for retro reactions to occur. 
In Diels Alder reaction, the substrate that reacts with the diene is called a dienophile, 
and most dienophiles have electron withdrawing groups like CHO, COR, COOH, 
COOR, COCI, COAr, CN, N02, Ar, CH20H, CH2Cl, CH2NH2, CH2CN, CH2COOH, 
halogen etc. For the dienophile in Diets Alder reaction, electron donating groups 
decrease the rate and electron withdrawing groups increase it. However, as for the 
diene, electron donating groups in the diene favor Diels Alder reaction while electron 
withdrawing groups hinder it. Dienophiles can also be triple bond compounds.31 
The goal of project 2 is to achieve an "inverse" Die ls Alder reaction to give a tweezer 
shaped host molecule. And, here inverse means the diene contributes the HOMO and 
the dienophile contributes the LUMO. And it's easier for normal Diels Alder to occur 
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when the diene is electron rich and the dienophile is electron poor. Whereas, in 
inverse Diels Alder reaction, the opposite happens, in other words, the diene is 
electron rich and the dienophile is electron poor. An example of "inverse" Die ls Alder 
reaction is shown in figure 11. In our originally planned synthetic route, product T, as 
a diene, is electron poor since the 0 atoms in the carbonyl groups pull electrons 
toward themselves reducing the electron density on the diene part of the molecule. On 
the contrary, the alkyl group in the dienophile, namely compound Y, makes the 
dienophile electron rich as alkyl groups are weak electron donating groups. 
0 
2 =t~ ..Jl.o 0 0 $ 130 °c oil bath Ph Ph + Ph Ph 
0 oy 
0 
T y 
Scheme 1 Synthesis of a tweezer shaped host molecule 
00 Ni(Cl04)2·6H2') ,, ,, 
N.,.,S .. R ttOEt (10 mol %) 
Ph~Ph + CH2Cl2. rt, 72 h 
1 
(5 equiv) • Ph 2 
Figure 11 Example of inverse Diels Alder reaction32 
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Scheme 2 Discovery reaction ofDiels Alder reaction33 
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Experimental: 
Project 1 
Synthesis of methyl 2-aminopropanoate: 
0 N~ 
+ '' + MeOH ___ ..,_ ~ - ~Me 
c1* ... s .. c1 ,..., II 
0 
methyl 2-aminopropanoate 
Scheme 3 Synthesis of methyl 2-aminopropanoate 
To a 50 mL round bottom flask was added 1.0005 g( 0.01145 mol) ofDL-alanine and 
17 mL of methanol, the mixture was stirred and cooled to 0 °C in an ice bath. Then , 2 
mL (0.0276 mol) ofthionyl chloride was added dropwise. The solution was heated in 
an oil bath at 40-50 °c for 3.5 h with stirring. Then ,the solvent was removed by 
rotavap and the product was obtained with a mass of 1.7674 g. It took several drops of 
DMSO-d6 to completely dissolve the product in CDCh for NMR analysis. The 
L-alanine's methyl esters were prepared in the same manner while the D-alanine 
methyl ester was purchased instead. 
DL-alanine methyl ester: 
1H NMR (400 MHz, CDCh, 25 °C); 8 8.71(s,2H), 3.89-3.96 (m, lH), 3.68 (s, 3H), 
1.51{d,3H, J=4.8 Hz) 
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L-alanine methyl ester : 
1H NMR (400 MHz, CDCh, 25 °C); 8 8.64 (s, 3H), 4.26(t, lH, J=6 Hz), 3.82 (s, 3H), 
1.72 (d, 3H, J=7.2 Hz) 
Synthesis of 4-methylbenzoyl chloride: 
heat lo reflux for 1h (80 °c) 
Scheme 4 Synthesis of 4-methylbenzoyl chloride 
In a 50 mL round bottom flask, 7 .2281 g (0.0531 mol) of p-toluic acid was mixed 
with 8 mL (0.1103 mol) of thionyl chloride and the mixture was heated up to reflux 
for lh and the solvent was evaporated by rotovap. The product, 4-methylbenzoyl 
chloride was obtained with a yield of95.67%. The 4-nitrobenzoyl chloride and the 
benzoyl chloride were synthesized in the same way without characterization or further 
purification, whereas 4-methoxybenzoyl chloride was purchased. 
4-methylbenzoyl chloride: 
1H NMR (400 MHz, CDCh, 25 °C); 8 8.00 (d, 2H, J=8.4 Hz), 7.30 (d, 2H, J=8.0 Hz), 
2.45 (s, 3H) 
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Synthesis of methyl N-(4-nitrobenzoyl) DL-alaninate 
Triethylamine 
Scheme 5 Synthesis of methyl N-( 4-nitrobenzoyl) DL-alaninate 
In a 100 mL R.B.F, 1.5120 g(14.546 mmol) of methyl 2-aminopropanoate was 
dissolved in 27 mL of chloroform. Into the chloroform solution, 4.0011 g (40 mmol) 
oftriethylamine was added, which was followed by the addition of2.3957 g (12.91 
mmol) of 4-nitrobenzoyl chloride( dissolved in chloroform) while the reaction solution 
was cooled in icebath. The reaction mixture was stirred for 72 h at room temperature 
before it was washed with 20 mL of brine solution. After removal of solvent under 
reduced pressure, column chromatography were performed to isolate the product. The 
eluent used was Hexanes:Ethyl Acetate=4: 1 (v/v). The product methyl 
N-(4-nitrobenzoyl) DL-alaninate was obtained with a yield of 70.88% (2.3082 g). 
Other guest molecules were synthesized in the same way. 
methyl N-(4-methoxybenzoyl) L-alaninate 1H NMR: 
1H NMR (400 MHz, CDCb, 25 °C); 87.76 (d, 2H, J=9.2Hz), 6.92 (d, 2H, J=9.2Hz), 
4.79 (quin, lH), 3.85 (s, 3H), 3.79 (s, 3H), 1.51 (d, 3H, J=7.2 Hz) 
IR (neat) cm-1: 1743 (C=O) 
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methyl N-(4-methylbenzoyl) L-alaninate 1H NMR: 
1H NMR (400 MHz, CDCh, 25 °C); 87.70 (d, 2H, J=8.0 Hz), 7.24 (d, 2H, J=8.0 Hz), 
6.68 (d, lH, J=5.6 Hz), 4.80 (quin, lH), 3.79 (s, 3H), 2.40 (s, 3H), 1.52 (d, 3H, J=7.2 
Hz) 
IR (neat) cm-1: 1743 (C=O) 
methyl N-(4-nitrobenzoyl) L-alaninate 1H NMR 
1H NMR (400 MHz, CDCh, 25 °C); 88.30 (d, 2H,J=9.2Hz), 7.97 (d, 2H, J=9.2Hz), 
6.83 (d, lH, J=6.0 Hz), 4.80 (m, lH), 3.32 (s, 3H), 1.55 (d, 3H, J=7.2 Hz) 
IR (neat) cm-1: 1742 (C=O) 
methyl N-benzoyl L-alaninate 1H NMR: 
1H NMR (400 MHz, CDCh, 25 °C); 87.80 (dd, 2H, Jl=l.2 Hz, J1=8.4 Hz), 7.51 (t, lH, 
J=4.2 Hz), 7.44 (t, 2H, J=8 Hz), 6.73 (d, lH, J=4.4 Hz), 4.81 (m, lH), 3.79 (s, 3H), 
1.52 (d, 3H, J=7.2 Hz) 
IR (neat) cm-1: 1715 (C=O) 
methyl N-(4-methoxybenzoyl) D-alaninate 1H NMR: 
1H NMR (400 MHz, CDCh, 25 °C); 87.75 (d, 2H, J=8.8 Hz), 7.89(d, 2H, J=8.8 Hz), 
6.73 (d, lH, J=6.8 Hz), 4.77 (quin, lH), 3.82 (s, 3H), 3.76 (s, 3H), 1.48 (d, 3H, J=7.2 
Hz) 
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IR (neat) cm-1: 1743 (C=O) 
methyl N-(4-nitrobenzoyl) D-alaninate 1H NMR: 
1H NMR (400 MHz, CDCh, 25 °C); 8 8.29 (d, 2H, J=8.8 Hz), 7.96 (d, 2H, J=8.8 Hz), 
6.84 (d, lH, J=5.6 Hz), 4.80 (m, lH), 3.81 (s, 3H), 1.55 (d, 3H, J=7.2 Hz) 
IR(neat)cm-1: 1741 (C=O) 
methyl N-(4-methylbenzoyl) D-alaninate 1H NMR: 
1H NMR (400 MHz, CDCh, 25 °C); 87.70 (d, 2H, J=8.4 Hz), 7.24 (d, 2H, J=8 Hz), 
6.68 (d, lH, J=6 Hz), 4.81 (m, lH), 3.79 (s, 3H), 2.40 (s, 3H), 1.52 (d, 3H, J=7.2 Hz) 
IR (neat) cm-1: 1739 (C=O) 
methyl N-benzoyl D-alaninate 1H NMR: 
1H NMR (400 MHz, CDCh, 25 °C); 87.80 (d, 2H, J=7.2 Hz), 7.51 (t, lH, J=7.2 Hz), 
7.44 (t, 2H, J=7.2 Hz), 6.73 (d, lH, J=5.2 Hz), 4.81 (m, lH), 3.80 (s, 3H), 1.52 (d, 3H, 
J=7.2 Hz) 
IR (neat) cm-1: 1743 (C=O) 
methyl N-(4-methoxybenzoyl) DL-alaninate 1H NMR: 
1H NMR (400 MHz, CDCh, 25 °C); 87.77 (d, 2H, J=8.8 Hz), 6.93 (d, 2H, .!=8.8 Hz), 
6.62 (d, IH, .!=6.4 Hz), 4.80 (m, IH), 3.85 (s, 3H), 3.79 (s, 3H), 1.51 (d, 3H, J=7.2 
Hz) 
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IR (neat) cm-1: 1739 (C=O) 
methyl N-(4-methylbenzoyl) DL-alaninate 1H NMR: 
1H NMR (400 MHz, CDCh, 25 °C); 87.68 (d, 2H, J=8.4 Hz), 7.17 (d, 2H, J=8.0 Hz), 
6.86 (d, lH, J=7.2 Hz), 4.76 {m, lH), 3.74 (s, 3H), 2.35 (s, 3H), 1.47 (d, 3H, J=7.2 
Hz) 
IR (neat) cm-1: 1743 (C=O) 
methyl N-(4-nitrobenzoyl) DL-alaninate 1H NMR: 
1H NMR (400 MHz, CDCb, 25 °C); 88.24 (d, 2H, J=8.8 Hz), 7.94 (d, 2H, J=8.8 Hz), 
7.01 (d, lH, J=7.2 Hz), 7.76 (quin, lH), 3.78 (s, 3H), 1.51(d,3H, J=7.2 Hz) 
IR (neat) cm-1: 1741 (C=O) 
methyl N-benzoyl DL-alaninate 1H NMR: 
1H NMR (400 MHz, CDCb, 25 °C); 87.79 (d, 2H, J=7.2 Hz), 7.48 (t, lH, J=7.2 Hz), 
7.40 (t, 2H, J=7.6 Hz), 6.87 {d, lH, J=6 Hz), 4.78 (quin, lH), 3.76 {s, 3H), 1.49 {d, 
3H,J=6Hz) 
IR (neat) cm-1: 1743 (C=O) 
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NMR Titration 
Method: 
Calculation was performed so that 1 uL of the guest molecule solution contained 
about 10% (mole ratio) of the host molecule. From the range of 0.1:1to1:1 guest/host 
ratio, 1 uL of guest molecule solution was added to the host solution each time; then, 
10 uL of guest molecule solution was added each time. 
Host (~-CD) was dissolved in 600 uL of D20 and 10 uL of DMSO, D20:DMSO= 
60:1(VN). Guest (Alanine derivative) was dissolved in 1 mL ofCDC13. 
Guest/Host ratio (mole) range: 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 
4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10. With the exception of titration with methyl 
N-( 4-nitrobenzoyl) DL-alaninate, during which the titration process ended with a 
guest to host ratio of 6.76:1 (mole). And the exception of titration with P-methoxy 
derivatives, in which titrations ended at a guest to host ratio of 8: 1 (mole). This is the 
result of large amount of precipitation which led to failed shimming during proton 
NMR characterization process. 
The amounts of Host and Guest in the titration process are given in table 1: 
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Host Guest 
Mass Mole Mass Mole 
(g) (mmole) (g) (mmole) 
1 P-CD 0.0100 0.0088 methyl N-( 4-nitrobenzoyl) 0.2221 0.8806 
DL-alaninate 
2 P-CD 0.0052 0.0046 methyl N-( 4-nitrobenzoyl) 0.1116 0.4425 
D-alaninate 
3 P-CD 0.0055 0.0048 methyl N-( 4-nitrobenzoyl) 0.1110 0.4401 
L-alaninate 
4 P-CD 0.0100 0.0088 methyl N-benzoyl L-alaninate 0.1826 0.8812 
5 P-CD 0.0100 0.0088 methyl N-benzoyl D-alaninate 0.1826 0.8812 
6 P-CD 0.0100 0.0088 methyl N-benzoyl DL-alaninate 0.1826 0.8812 
7 P-CD 0.0100 0.0088 methyl N-( 4-methylbenzoyl) 0.1950 0.8814 
L-alaninate 
8 P-CD 0.0100 0.0088 methyl N-( 4-methylbenzoyl) 0.1950 0.8814 
D-alaninate 
9 P-CD 0.0100 0.0088 methyl N-(4-methylbenzoyl) 0.1950 0.8814 
DL-alaninate 
10 P-CD 0.0108 0.0095 methyl N-( 4-methoxybenzoyl) 0.2090 0.8809 
DL-alaninate 
11 P-CD 0.0102 0.0090 methyl N-( 4-methoxybenzoyl) 0.2095 0.8809 
L-alaninate 
12 P-CD 0.0101 0.0089 methyl N-( 4-methoxybenzoyl) 0.2092 0.8809 
D-alaninate 
Table 1 Amounts of host and guest used for titration 
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Project 2 
Synthesis of 1-phenyl-2-propyn-1-one 
n-Buli, THF 
= TMS -78 "C-rt 
2 
MeOH 
K~3,rt 
Scheme 6 Synthesis of 1-phenyl-2-propyn-1-one 4 
0 
DCM,DMP ~' 
--rt--u) ~ 
4 
A solution oftrimethylsilyl acetylene (4.5466 g, 0.0463 mol) in 30 mL freshly 
distilled THF was cooled at -78 °C under Ar atmosphere, n-BuLi (1.6 M, 28 mL, 
0.0448 mol) was added dropwise. The mixture was stirred for 1 h at -78 °C. And then 
benzaldehyde (4.5887 g, 0.0432 mol) was added and the mixture was stirred for 
additional 30 min at -78 °C, after the reaction slowly warmed up to room temperature, 
the reaction was quenched with 20 mL of de-ionized water and extracted with 30 mL 
diethyl ether once. The combined organic layers were washed with brine, dried over 
MgS04 and the solvent was removed under reduced pressure. The residue was used 
for the next step without further purification. 
K2C03 (17.3660 g, 0.1257 mol) was added to the residue mentioned above in MeOH 
(30 mL ). The reaction was allowed to stir at room temperature for 2 h. The solid was 
removed through filtration with a celite pad and rinsed with 5 mL of dichloromethane. 
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The filtrate was washed with saturated aqueous ammonium chloride (30 mL) and 
brine(30 mL), then dried over MgS04. After the removal of the solvent with a rotovap, 
the product,a-ethynyl-Benzenemethanol 3 (3.6027 g, 0.0273 mol), was obtained with 
a yield of 63.19% (3.6027 g). 
Part of the aforementioned alcohol product, a-ethynyl-Benzenemethanol 3 (2.2755 g, 
0.0172 mol), was dissolved in 50 mL of dichloromethane, and then Dess-Martin 
periodinane (8.0373 g, 0.019mol) was added at 0 °C. The reaction was stirred 
overnight and a color change from yellowish to white and turbidity were observed. 
The solid in the reaction mixture was filtered through a celite pad and the filtrate was 
washed with saturated aqueous bicarbonate (50 mL), brine (50 mL) and dried over 
MgS04. The product 1-phenyl-2-propyn-l-one 4 (1.4014 g, 63.34%), a white solid, 
was obtained via column chromatography on silica gel (V HexanesN EtOAc= 10: l ). 
1H NMR (400 MHz, CDCb, 25 °C);88.l 7 (dd, 2H, J1=1.2Hz, J2=8.4Hz), 7.64 (t, 2H, 
J=7.2 Hz), 7.5l(t, 2H, J=7.2 Hz), 3.43(s, lH) 
Synthesis of 1,6-diphenyl-2,4-Hexadiene-l,6-dione: 
0 
2~ Bu3SnH 
4 5 
Scheme 7 Synthesis of l,6-diphenyl-2,4-hexadiene-l,6-dione 5 
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To a solution of 1-phenyl-2-propyn-1-one (0.1976 g, 1.5184 mmol), PdCh(PPh3)2 
(0.0214 g, 0.0305mmol) in 20 mL of freshly distilled THF was added tributyltin 
hydride (585.3 mg ,2.0109 mmol) dropwise with a syringe. The mixture was stirred 
for 30 minutes at room temperature. The solvent was removed under reduced pressure 
and the residue was purified via column chromatography (silica gel, cyclohexane). 
The product 1,6-diphenyl-2,4-hexadiene-l,6-dione was obtained in a yield of 4.77% 
(0.0190 g). Which is the dimer that was supposed to be made in the next step of the 
synthesis according to our original synthetic route. 
1H NMR (400 MHz, CDCb, 25 °C); 8 =8.0l(d, .!=6.8 Hz, 2H), 7.96(d, J=12.4Hz, lH), 
7.57(t, J=7.2 Hz, lH), 7.48(t, J= 7.2Hz, 2H), 7.40(d, J=12.4Hz, lH), 1.47-1.57(m, 
8H), l.24-1.37(m, 9H), l.OO(t, J=8.4 Hz, 7H), 0.85-0.93(m, 8H) 
13C NMR: 8 = 189.9, 159.8, 137.8, 132.8, 128.5, 29.2, 27.3, 13.7, 11.1 ppm. 
MS(ESI) m/z(%): 263[M+l]+, 235(43), 233(40), 231(20), 178(40), 176(30), 161(20), 
120(20), 105(10) 
Synthesis ofbenzyl propiolate 9: 
VOH + HO~ 
7 8 
Scheme 8 Synthesis of benzyl propiolate 9 
DMAP, DCC 
DCM 
0 /osn 
9 
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To a solution ofbenzyl alcohol (1.5253 g, 0.0141 mol), propiolic acid (0.9592 g, 
0.0137 mol) in 15 mL ofCH2Ch at 0 °C was added 4-(dimethylamino)pyridine 
(0.0162 g, 0.1326 mmol), N,N'-Dicyclohexylcarbodiimide (2.6572 g, 0.0129 mol) in 
15 mL of CH2Ch slowly over 70 min. The reaction mixture was stirred for 5 h at room 
temperature and filtered through a layer of Celite. The solvent of the filtrate was 
removed via rotovap and the residue was purified by column chromatography (Silica 
gel, Hexanes: EtOAc= 10:3). The product, compound 9, was obtained with a yield of 
93.25% (2.0462 g). 
1H NMR (400 MHz, CDC13, 25 °C); 8 7.39-7.36 (m, SH), 5.22 (s, 2H), 2.89 (s, lH) 
Synthesis of benzyl 2-(tributylstannyl)acrylate 10: 
~OBn 
9 
0 Yosn 
SnBu3 
10 
Scheme 9 Synthesis ofbenzyl 2-(tributylstannyl)acrylate 10 
To a 50 mL R.B.F was added benzyl propiolate (0.2222 g, 1.3873 mmol), 
bis(triphenylphosphine)palladium(II) dichloride (0.0242 g, 0.0345 mmol) and 20 mL 
of freshly distilled THF. Tributyltin hydride (0.5474 g, 1.8807 mmol) was added 
dropwise after the reaction mixture was cooled in an ice bath. 
After the reaction solution was stirred at room temperature for 2h, the solvent was 
removed via rotovap, and the residue was purified by column chromatography 
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(Hexanes : Ethyl Acetate= 100: 1 ). The product 10 was obtained with a yield of 
30.32% (0.1898 g). 
1H NMR (400 MHz, CDC13, 25 °C); o 7.37-7.31 (m, 7H), 6.95 (d, lH, J=2.4 Hz), 
5.94 (d, lH, .!=2.8 Hz), 5.16 (s, 2H), 1.55-1.39 (m, 7H), 1.30-1.21 (m, 8H), 1.01-0.83 
(m, 20H) 
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Results and Discussion: 
Project 1: 
The preparation of alanine ester (both enantiomers and the racemic mixture) and the 
preparation of benzoyl chloride, 4-methylbenzoyl chloride, 4-nitrobenzoyl chloride, 
4-methoxybenzoyl chloride, went smoothly and with high yields. After the removal of 
solvent, the corresponding products were not further purified but dried before they 
were used directly in their subsequent steps. All of the final products, the analine 
derivatives (including both D- and L-enantiomers and the racemic mixture) used as 
guest molecules, were synthesized successfully. 
For all but two of the guest molecules in the titration study, the guest:host mole ratio 
was gradually increased from 0.1: 1 to 8: 1. In the case of methyl ( 4-nitrobenzoyl) 
alaninate and methyl ( 4-methoxybenzoyl) L-alaninate the highest ratio reached was 
6. 76 : 1 and 7: 1 respectively, due to the emergence of a precipitation that led to poor 
shimming. 
Chemical shifts of target peaks (target peak is defined as the peak whose chemical 
shift changed the most during the titration process) observed during host-guest 
titration experiments are listed in tables 1-4. These changes are calculated by 
subtracting the chemical shift of the 0.1:1 (guest:host mole ratio) mixture from that of 
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the current mixture (say, 1: 1 mole ratio). It was clear that all of the guest molecules 
studied in this project gave the maximum chemical shifts at host:guest mole ratio of 
1:1, and after that, the chemical shifts didn't change considerably even with addition 
of more guest molecules. Thus, we deduced that one host molecule can only 
accommodate the central cavity of just one guest molecule. 
The chemical shift changes observed during the NMR titration process reveal that 
there were interactions (such as encapsulation) between the guest and the host 
molecules even though the exact details of these interactions are still unclear. What's 
more, the chemical shifts of the hydrogens on the benzene ring of the guest molecule 
suggest that the benzene ring could be inside the cavity of the host molecule upon 
mixing. This was expected since both the benzene ring and the cavity of the host 
molecule are hydrophobic and we believe that hydrophobic interactions may play an 
important role in the interactions between the benzene ring and the cavity of the host 
molecule, since the bulk solvent used in the study is water. It is still not clear to us 
how deep the benzene ring goes inside the cavity in the host-guest complex. Our 
initial attempt to recrystallize the precipitation formed during the titration experiments 
did not result into an acceptable sample for X-ray crystallography study. In fact the 
precipitation was unfortunately insoluble in a wide range of solvents tested, including 
hexanes, dichloromethane, acetone, acetonitrile and methanol. 
In the cases of methyl N-benzoyl alaninate and methyl N-(4-methylbenzoyl) alaninate, 
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both D- and L-derivatives showed similar maximum chemical shift changes (from 
0.1:1 to 1:1 guest/host ratio): for methyl N-benzoyl alaninate, (L-)=0.015 ppm, 
(D-)=0.017 ppm and (racemic)=0.020 ppm; for methyl N-(4-methylbenzoyl) alaninate, 
(L-)= 0.047, (D-)= 0.037, (racemic)= 0.042 ppm. 
In the case of methyl N-(4-nitrobenzoyl) alaninate, D- and L-derivatives showed 
considerably different chemical shift changes (from 0.1: 1 to 1: 1 guest/host ratio): 
(L-)=0.007 ppm, (D-)=0.029 ppm and (racemic)=0.050 ppm. This unique observation 
indicates that the host interacts with D- and L-derivatives (when A=nitro) differently. 
This means that our host molecule, 13-CD, is capable of interacting differently with the 
D- and L- derivatives. This is not surprising because the host molecule is a heptamer 
of D-glucose, which is a chiral molecule itself. Thus, it is reasonable that this 
heptamer possesses a chiral cavity. When the guest molecules are chiral (and in this 
case, when the guest is inside the cavity deep enough), the two enantiomers 
experience different interactions with the host. It is believed that the polar nitro group 
forms hydrogen bonding with the OH groups in 13-CD. This unique/extra interaction 
pulls this particular guest molecule deeper into the cavity, and therefore leads to 
chirality recognition. 
In the case of methyl N-(4-methoxybenzoyl) alaninate, D- and L- derivatives also 
showed different chemical shift changes (from 0.1:1 to 1:1 guest/host ratio): 
(L-)=0.041 ppm, (D-)=0.023 ppm and (racemic)=0.022 ppm. This is, again, a chirality 
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recognition, indicating that the nitro derivative above was not an isolated example. 
However, this time the L-enantiomer has a stronger interaction with the host and the 
host's OH groups may have hydrogen bonded with the methoxy group's oxygen. This 
may have caused the guest molecule oriented differently in the cavity. 
The chemical shift changes indicate there are interactions between the guest molecule 
and the host, ~-cyclodextrin. And also, the host molecule showed preference between 
the D-isomer and the L-isomer of the same A group. This can be attributed to the 
building blocks of ~-Cyclodextrin, namely the D glucopyranoside, which, like the 
D-isomer and the L-isomer of the guest molecules, is also chiral. 
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Figure 12 Chemical shift chart for methyl N-( 4-methylbenzoyl) D-, L- and 
DL-alaninate 
Chemical shift change( 1 : 1 ratio) chemical shift change(8: 1 ratio) 
Racemic 0.042 0.042 
L-isomer 0.047 0.047 
D-isomer 0.037 0.035 
Table 2 Summary of chemical shift changes for methyl N-( 4-methylbenzoyl) D-, L-
and DL-alaninate 
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Figure 13 Chemical shift chart for methyl N-benzoyl D-, L- and DL-alaninate 
Chemical shift changes: 
chemical shift change( 1: 1 ratio) chemical shift change(8: 1 ratio) 
Racemic 0.02 0.02 
L-isomer 0.015 0.015 
D-isomer 0.017 0.017 
Table 3 Summary of chemical shift changes for methyl N-benzoyl D-, L- and 
DL-alaninate 
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Figure 14 Chemical shift chart for methyl N-(4-nitrobenzoyl) D-, L- and 
DL-alaninate 
Chemical shift changes: 
chemical shift change( 1: 1 ratio) Chemical shift change(6.76:1 
ratio) 
Racemic 0.050 0.053 
L-isomer 0.007 0.006 
D-isomer 0.029 0.033 
Average 0.029 0.031 
Table 4 Summary of chemical shift changes for methyl N-( 4-nitrobenzoyl) D-, L- and 
DL-alaninate 
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Figure 15 Chemical shift chart for methyl N-(4-methoxybenzoyl) D-, L- and 
DL-alaninate 
chemical shift change( 1 : 1 ratio) chemical shift change(8: 1 ratio) 
Racemic 0.022 0.020 
L-isomer 0.041 0.042 
D-isomer 0.023 0.025 
Table 5 Summary of chemical shift changes for methyl N-(4-methoxybenzoyl) D-, L-
and DL-alaninate 
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The chemical shift changes indicate there are interactions between the guest molecule 
and the host, P-Cyclodextrin. And also, the host molecule showed preference between 
the D-isomer and the L-isomer of the same A group. This can be attributed to the 
building blocks of P-Cyclodextrin, namely the D glucopyranoside, which, like the 
D-isomer and the L-isomer of the guest molecules, is also chiral. 
As indicated by the data in these tables,the biggest chemical shift change within 
different isomers was observed in the case of the 4-nitrobenzyol derivative. This result 
may be explained by the fact that N02 group is a strong electron withdrawing group. 
And in the N02 group, the negatively charged 0 atoms on N02 have the potential to 
form hydrogen bonds with OH groups on P-Cyclodextrin, this may be responsible for 
the larger chemical shift changes observed in the guest molecules in which A=N02 
compared with other three types of guest molecules. 
To explain the phenomena of A=N02 and OCH3, we believe that the nitro group's 
oxygens with partially negative charges and the lone pairs of the oxygen atom in the 
methoxy group may have generated hydrogen bonding with the OH groups in the host 
and therefore "drag" the guest deeper into its cavity. 
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Figure 16: Nitrobenzoyl derivative guest inside cavity of cyclodextrin (left) compared 
to tolyl derivative guest inside the same cavity (right) to illustrate the hydrogen 
bonding effect. 
The same titration method was carried out using UV-vis and polarimetry as 
characterization tools respectively. However, the results were deemed unacceptable on 
account of the precipitation formed during the process. 
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Project 2: 
Currently there are not many commercially available dienes featured by electron 
withdrawing groups, probably due to the stability of these compounds. However, in 
one of our studies of synthesizing ''tweezers-shaped"molecules, such dienes are 
needed for an inverse Diels-Alder reaction. 
The original synthetic route that worked in our group includes two major steps: an 
addition of tributyltin hydride onto an alkyne, and then a dimerization of the resulting 
alkene to give the desired diene, as illustrated in the scheme below. 
0 
_OCM_rt_.DMP __ ~ 
-~--12-~: 
0 
0 
~ 
Scheme 10 Original Synthetic Route 
The synthesis process was smooth until the addition of tributyltin hydride was 
involved. The major product of the addition turned out to be the trans form of the 
expected alkene, rather than the geminal alkene as anticipated. We believe that free 
radicals were involved in the reaction mechanism. 
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Scheme 11 Possible Radical Reactions 
Table of possible radical reaction products in further steps: 
Radicals Involved Possible Products 
a and b compoundg 
aanda compound 5 
c andc compoundd 
bandb dimer(Bu3Sn)2 
aandc compound e 
bandc compound f 
Table 6 Possible products 
· SnBu3 
b 
· SnBu3 
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Structures of possible products: 
0 
0 
d e g 
>Ph 
~Ph 
0 
5 
Figure 17 Structures of possible products 
In view of the NMR data obtained from the reaction mixture, no product with 
cis-configuration or geminal hydrogen was obtained since the coupling constants of 
the hydrogen attached to the resulting double bond are all larger than 12 Hz. 
A couple of different reaction conditions have been tried out in order to produce the 
desired addition product in a reasonable yield. The tributyltin hydride was added 
dropwise to the reaction mixture at 0 °C in an ice bath and after the addition, the 
reaction mixture was stirred for 2 hrs and slowly warmed to room temperature. 
However, no products with geminal hydrogen were detected nor was the 
2,3-bis(methylene)-1,4-diphenyl-1,4-butanedione isolated. The major product was the 
trans-form of the addition product.The trans configuration was confirmed by 1H NMR, 
in which the vinyl H's signals have coupling constants of 19 Hz. 
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What's interesting was, when the same method was tried out with a different starting 
material, benzyl propiolate 9 ,the geminal alkene was in fact obtained as expected. We 
believe that this is because of the presence of the CH2 group and the methoxy 0 atom, 
the conjugation of the carbonyl with the benzene ring is "interrupted," compared with 
the original starting material, namely the l-phenyl-2-propyn- l-one. 
There were three products isolated after the column chromatography and removal of 
solvent. There was only one product whose structure can be deduced. Based on the 
analysis of the 1 H NMR spectra, and we believe the product is 
l,6-diphenyl-2,4-hexadiene-l,6-dione. And, it was also observed that the product 
contains impurities as made evident by the peaks in the upfield region on the 1H NMR 
spectrum. What's more, it's not possible to measure the melting point of the product 
since it is liquid at room temperature, and we believe this is the result of the presence 
of the impurities. 
Figure 18 l,6-diphenyl-2,4-hexadiene-1,6-dione 
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Figure 19 1H NMR of l,6-diphenyl-2,4-hexadiene-l,6-dione 
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Figure 20 13C NMR spectrum of 1,6-diphenyl-2,4-hexadiene-l,6-dione 
44 
However, the NMR specra, both 1 H and 13C, as well as mass spectrometry analysis are 
different from literature data. 34 
We believe the production of 1,6-diphenyl-2,4-hexadiene- l ,6-dione in the tin hydride 
addition is the result of the fact that radical c is more stable than radical a since it has 
a longer conjugation range. Thus the predominant radical species during the reaction 
is radical c, which dimerized and gave l,6-diphenyl-2,4-hexadiene-l,6-dione. 
a c 
Figure 21 Structure ofradical a and radical c 
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Summary of Project 2 
Project 2 
In this project, 1,6-diphenyl-2,4-hexadiene-1,6-dione was synthesized in 4 steps. 
Originally, 1-phenyl-2-(tributylstannyl)-2-propen-1-one was the expected product, 
however, the tributyltin hydride addition reaction yielded unexpected products with 
the major one being the trans form of the resulting alkene. We also tried other reaction 
conditions, like a longer reaction time and a lower reaction temperature (0 °C). 
However, the expected product, 1-phenyl-2-(tributylstannyl)-2-propen-1-one, was not 
detected. What's interesting was, we tried the same method (longer reaction time and 
0 °C) with another starting material, benzyl propiolate, to run the same addition 
reaction, the expected product, benzyl 2-(tributylstannyl)acrylate, which contains 
geminal hydrogens, was obtained. 
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Conclusions of Project 1 
Project 1 
Twelve alanine derivatives with different structures or chirality were synthesized to 
investigate ~-CD's ability to differentiate chiral guest molecules. NMR titration was 
carried out to characterize the interactions between the host molecule, ~-CD and the 
guest molecules. The results indicate that the beta-CD does possess the ability to 
"recognize" the guest molecules involved in this study to certain degrees base on their 
structures or chirality, especially in the case of guest molecules in which the A group 
is N02 and in addition, the maximum interaction was observed when the host/guest 
ratio was 1: 1 (mole ratio). 
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Future Work 
Project 1: 
The other 1 H NMR titration method could be adding the host molecule, namely 
~-CD, to the guest incrementally. In this way, the guest molecule, instead of the host 
molecule, is "saturated" at the beginning of the titration. And there will be more host 
molecules than guest molecules. These changes may give rise to different behavior 
when complexation occurs. 
Temperature dependent studies could provide insight into the inclusion process. For 
example, lowering the temperature of the guest host system in this study may give rise 
to valuable information on the complexation process since the exchange rate of 
encapsulated guest molecules and free guest molecules would be lowered. 
Furthermore, a different solvent mixture could be used to achieve better solubility and 
may even make growing crystals out of the host guest complex possible. Assignment 
of the structure of the complex would be made much easier if the structure of the 
crystal of the complex can be visualized by X-ray crystallography. 
In addition, once a proper solvent is found, NOESY or ROESY NMR techniques etc 
can also be used to study the interaction between the guest and the host molecule. 
Data derived from NOESY or ROESY NMR of the host and guest complex in 
solution could lead to information about the distances between the hydrogens of the 
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guest molecule that are inside the cavity of the host molecule and the hydrogen of the 
host molecule. Thus, it's possible to predict the existence of hydrogen bond. 
Project 2 
The same starting material, compound 9, and the same reaction conditions should be 
tried again to repeat the reaction with the intention of achieving better purity and 
testing if the reaction is reproducible. 
The OBn tin hydride addition product should be used as the starting material to run 
diels alder reaction for the synthesis of a tweezer-shaped host molecule. 
0 
0 )lo 0 0 
2Bn0~ - ~ $ BnO OBn + -BnO BnO OBn SnBu3 oy 0 0 0 
0 
10 11 12 13 
Scheme 12 Synthesis of a tweezer shaped host molecule 
It will entail two steps, the first step involves the dimerization of compound 10. And 
the other one is a Diels Alder reaction, it's expected that such a reaction will occur on 
both sides of compound 12, which has already been synthesized in our lab, to produce 
compound 13. 
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Scheme 13 Example of a cage shaped host molecule35 
Our goal is to synthesize a cage or ring shaped host molecule similar to the one shown 
in scheme 13 (the final product) with the potential of encapsulating guest molecules 
inside the cavity of the host. Hydrogen bond could be used as the linker to hold the 
dimer together. Other types of linker could be H+ or Cu2+ etc. 
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1H NMR data of Titration in this study: 
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Figure 22 Stacked 1H NMR spectrum of titration of beta-CD with methyl N-benzoyl 
D-alaninate 
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Figure 23 Stacked 1H NMR spectrum of titration of beta-CD with methyl N-benzoyl 
L-alaninate 
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Figure 24 Stacked 1H NMR spectrum of titration of beta-CD with methyl N-benzoyl 
DL-alaninate 
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Figure 25 Stacked 1 H NMR spectrum of titration of beta-CD with methyl 
N-( 4-nitrobenzoyl) D-alaninate 
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Figure 26 Stacked 1H NMR spectrum of titration of beta-CD with methyl 
N-( 4-nitrobenzoyl) L-alaninate 
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Figure 27 Stacked 1H NMR spectrum of titration of beta-CD with methyl 
N-(4-nitrobenzoyl) DL-alaninate 
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Figure 28 Stacked 1H NMR spectrum of titration of beta-CD with methyl 
N-( 4-methylbenzoyl) D-alaninate 
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Figure 29 Stacked 1 H NMR spectrum of titration of beta-CD with methyl 
N-( 4-methylbenzoyl) L-alaninate 
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Figure 30 Stacked 1H NMR spectrum of titration of beta-CD with methyl 
N-( 4-methylbenzoyl) DL-alaninate 
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Figure 31 Stacked 1H NMR spectrum of titration of beta-CD with methyl 
N-( 4-methoxybenzoyl) D-alaninate 
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Figure 32 Stacked 1H NMR spectrum of titration of beta-CD with methyl 
N-( 4-methoxybenzoyl) L-alaninate 
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Figure 33 Stacked 1 H NMR spectrum of titration of beta-CD with methyl 
N-( 4-methoxybenzoyl) DL-alaninate 
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7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 ppm 
PeU: 1 Shift (T) Peu 2 Shift Peak 3 Shift Peak 4 Shift PeU: 5 Shift Peak 6 Shift Peak 7 Shift Peak 8 Shift 
7.647 1.621 7. 491 7.H3 7. 455 7.385 7.365 7.347 
7.644 1.~ 7.49 7.47 1.452 7.383 7.364 7. 345 
7.634 7.617 7. 482 7. 463 7. 445 7.38 7.36 1. 341 
7.633 7.615 1.48 7. 462 7. 443 7.375 1.3~ 7.341 
7.631 7.613 7. 419 7.461 1.442 7. 378 7. 3~ 7. 34 
1.63 7.612 7. 478 7. 4~ 7.441 7.377 7.393 7. 339 
7.629 7.611 7. 411 7. 4~ 7.44 7.377 7.357 7.339 
7.628 7.61 7. 411 7. 493 7.44 7.376 7. 357 7.338 
7.628 7.61 7. 477 7.493 1.439 7.376 7.357 7. 338 
7.627 7.to9 7. 476 7.493 7.439 7.376 7. 356 7. 338 
7.627 7.61 7. 476 7.493 7.439 7.376 7.357 7. 338 
7.627 7.to9 7. 476 7.457 7.439 7.376 7.356 7. 338 
7.627 7.to9 7. 477 7.493 7. 44 7.376 7.357 7. 338 
7.627 7.to9 7. 476 7.493 7.439 7.376 7.357 7.338 
7.627 7.to9 7. 476 7.493 7.439 7.376 7.357 7. 338 
7.628 7.61 7. 477 7.493 7.439 7.376 7. 357 7.338 
7.627 7.to9 7.477 7.493 7.439 7. 376 7.357 7.338 
en 
~ 
11> 
i::i.. 
<.....,. 
0 
.s 
~ 
~ 
....:l 
\C> 
!"') 
~ 
= ~ 
ri: 
en 
~ § 
...c 
u 
¢:: 
:.a 
r;/J 
(; 
(.) 
·9 
~ 
u 
O"I 
G,) 
:E 
~ 
.,... 
'° 
~ 
~ 
Q) 
Cl. 
$.,. 
~ 
-00 
0 
b 
tlS 
~ 
"'O 
c:: 
0 
·~ 
.-<;::: 
...... 
~ 
z 
Q) 
~ 
c:: 
·a 
tlS 
~ 
I 
....:l 
,-..._ 
">-0 
N 
c:: 
Q) 
~ 
~ 
0 ,-..._ 
..c:: "'O 
...... Q) Q) OD 9 $.,. Q) 
:'.!, a 
I VJ z ~ 
">- Q) 0.. 
-= 0 Q) z a 
' ' A.......__ / 2 
• -.. -:· .. · ·~· . ..... ,.·· •• • -... , •• •• ,., • . ,,.,.. .. .... · .··1··,f' ·r. • . , ·~ ··• '".- .... 
"' 
"' ., 
"' 
'' 4 
3 ............... / 
...... _-.; '"· :o·-- · . ., .. .. ~ ..... , .. · ... ~-... ,_ ,,_ ~ ..... . :,. .. ·· . '-....., ·.- ·, . . ..... .... ... :-··· . ....-·~ ·· ··.\ ...... . 
r···-· .. 1····· · · · · 1· ·· · · · . . , . . ... . .. . , . ....... , ..... . , 
7 .9 7 . 8 7.7 7 . 6 7 .5 7. 4 7 . 3 7. 2 7. 1 7 .0 6. 9 6 . 8 6 . 7 6 . 6 ppm 
Guest/Host ratio(DDl) Peak A shift Peak 2 shift Peak 3 shift Peak 4 shift 
0. 1 7.673 7.651 6.896 6.874 
0.2 7.665 7.643 6.900 6.879 
0. 3 7.651 7.629 6.907 6.885 
0. 4 7.639 7. 617 6. 911 6.889 
0.5 7.635 7.613 6. 912 6.889 
0.6 7.633 7. 611 6. 911 6.889 
0. 7 7.631 7.609 6. 911 6.888 
0.8 7.632 7.610 6.912 6.890 
0. 9 7.631 7.609 6.912 6.890 
1 7.632 7.609 6.912 6.890 
2 7.633 7. 611 6.914 6.892 
3 7.632 7.610 6.913 6.891 
4 7.632 7. 611 6.913 6.892 
5 7.642 7.602 6.913 6.883 
6 7.623 7.602 6.904 6.883 
7 7.625 7.604 6.907 6.888 
8 7.518 7. 196 7. 176 
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Guest/Host ratioCm::il) Peak A shift Peak 2 shift Peak 3 shift Peak 4 shift 
0. 1 7.656 7.634 6.907 6.885 
0. 2 7.650 7. 628 6.910 6.888 
0. 3 7.642 7. 620 6.912 6.890 
0. 4 7.638 7.616 6.912 6.890 
0.5 7.636 7.613 6.912 6. 890 
0.6 7.634 7.612 6.912 6.890 
0. 7 7.633 7. 611 6. 912 6. 890 
0. 8 7.633 7. 611 6.912 6.890 
0.9 7.632 7.610 6.912 6.890 
1 7.633 7. 611 6.913 6.890 
2 7.634 7.612 6.914 6.892 
3 7.634 7.612 6.915 6.893 
4 7.634 7.612 6. 915 6.893 
5 7.634 7.613 6. 915 6.894 
6 7.634 7.612 6. 915 6.893 
7 7.633 7. 611 6.914 6.892 
8 7.631 7.610 6. 911 6.890 
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7 . 9 7 . 8 7 . 7 7 . 6 7 . 5 7 . 4 7.3 7 . 2 7 .1 7.0 6. 9 6 . 8 6.7 6 . 6 ppm 
Guest/Host ratio(JD:>l) Peak A shift Peak 2 shift Peak 3 shift Peak 4 shift 
0.1 7.654 7.632 6.909 6. 887 
0.2 7.643 7.621 6.912 6.890 
0.3 7.638 7.616 6.913 6.891 
0.4 7.635 7.613 6.913 6.890 
0.5 7.633 7. 611 6.912 6.890 
0.6 7. 633 7. 611 6.912 6.890 
0. 7 7.633 7.610 6.912 6.890 
0.8 7.632 7.610 6.912 6.890 
0. 9 7.632 7.610 6.912 6.890 
1 7.632 7.610 6.913 6.890 
2 7.633 7. 611 6.914 6.892 
3 7.634 7.612 6.915 6.893 
4 7.632 7. 611 6.913 6.893 
5 7.637 7.618 6. 917 6.897 
6 7.636 7.614 6.916 6.895 
7 7.634 7.612 6.915 6.893 
8 7.634 7.612 6.915 6.893 
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7 . 65 7 . 60 7 . 55 7 . 5 0 7 .4 5 7 .40 7 . 35 7 . 30 7. 25 7 . 20 7 . 1 5 7 . 10 7 . 0 5 ppm 
Guest/Host ratio(mol) Peak A shift Peak 2 shift Peak 3 shift Peak 4 shift 
0.1 7.585 7.565 7. 187 7. 167 
0. 2 7.567 7.557 7. 1R9 7. 169 
o. 3 7.564 7.547 7. 191 7. 171 
0. 4 7.557 7.537 7. 192 7. 173 
0.5 7. 551 7.531 7. 193 7. 173 
0.6 7.544 7.523 7. 193 7. 173 
o. 7 7.542 7. 521 7. 194 7. 174 
0.8 7.540 7.520 7. 194 7. 174 
0.9 7.538 7.518 7. 194 7.174 
1 7.538 7.517 7. 194 7 174 
2 7. i;:~~ 7.517 7 194 7. 174 
3 7.538 7.517 7. 195 7. 175 
4 7.538 7.517 7. 195 7. 175 
5 7.538 7.518 7. 196 7. 176 
6 7.538 7.518 7. 196 7. 176 
7 7.538 7.517 7. 196 7. 176 
8 7.538 7.518 7. 196 7. 176 
9 7.538 7.518 7. 196 7. 176 
10 7.538 7.518 7. 196 7. 176 
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7. 65 7.60 7. 5 5 7.50 7.45 7 . 40 7 . 35 7.30 7.25 7 . 20 7. 15 ppm 
Guest/Host ratio (100le) Peak A Shi ft Peak 2 Shi f t Peak 3 Shift Peak 4 Shift 
0. 1 7. 575 7. 555 7. 193 7. 172 
0. 2 7. 562 7. 541 7. 193 7. 173 
0.3 7.550 7. 529 7. 195 7. 175 
0. 4 7.545 7. 525 7. 195 7. 175 
0. 5 7.541 7. 521 7. 195 7. 174 
0.6 7.540 7. 519 7. 194 7. 174 
0. 7 7.538 7.518 7. 194 7. 174 
0. 8 7. 538 7. 517 7. 194 7. 174 
0. 9 7.537 7. 517 7. 194 7. 174 
1 7. 538 7. 518 7. 195 7. 175 
2 7. 539 7. 520 7. 197 7. 178 
3 7. 539 7. 519 7. 197 7. 177 
4 7. 541 7. 521 7. 199 7. 179 
5 7.540 7. 520 7. 200 7. 179 
6 7.540 7. 520 7. 199 7. 178 
7 7. 540 7.521 7. 198 7. 179 
8 7.540 7.523 7. 200 7. 181 
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7. 65 7 . 60 7.55 7 .50 7.45 7.40 7 . 35 7 . 30 7.25 7. 20 7 .1 5 7 .10 7.05 ppm 
Guest/Host ratio Croole) Peak 1 Shift Peak 2 Shift Peak 3 Shift Peak 4 Shift 
0. 1 7.580 7.559 7. 191 7. 172 
0.2 7.574 7.554 7. 191 7. 171 
0.3 7.555 7. 535 7. 194 7. 174 
0.4 7.546 7.526 7. 196 7. 176 
0.5 7.543 7.522 7. 195 7. 175 
0.6 7. 541 7.520 7. 195 7. 175 
o. 7 7.539 7.519 7. 194 7. 175 
0.8 7.539 7.518 7. 195 7. 175 
0. 9 7.538 7.518 7. 195 7. 175 
1 7.5~8 7.517 7. 195 7. 175 
2 7. 539 7.518 7. 197 7. 177 
3 7.539 7.519 7. 197 7. 177 
4 7.540 7. 520 7. 197 7. 178 
5 7.539 7.519 7. 197 7. 177 
6 7.538 7.518 7. 196 7. 176 
7 7. 535 7. 518 7. 196 7. 177 
8 7.538 7.519 7. 197 7. 178 
9 7.519 7.519 7. 196 7. 178 
10 7. 540 7.522 7.200 7. 179 
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8 . 3 8 . 2 8 . l 8 . 0 7 . 9 7 . 8 7 . 7 7 . 6 ppm 
Guest/Host ratio (mole) Peak A Shift Peak 2 Shift Peak 3 Shift Peak 4 Shift 
0.091 7.822 7. 801 8. 188 8. 167 
0. 182 7.820 7. 797 8. 189 8. 167 
0.272 7.818 7. 795 8. 189 8. 166 
0.363 7.817 7. 795 8. 188 8. 166 
0.454 7. 817 7. 795 8. 188 8.166 
0.544 7.816 7. 794 8. 188 8. 165 
0.636 7.815 7. 793 8. 187 8.165 
0. 767 7.815 7. 792 8. 187 8. 165 
0. 817 7.815 7. 792 8. 187 8. 165 
0. 908 7.815 7. 792 8. 187 8. 165 
1. 816 7.816 7. 794 8. 188 8. 166 
2. 725 7.815 7. 794 8. 188 8. 166 
3.633 7.816 7. 794 8. 189 8. 167 
4. 541 7.816 7. 794 8. 189 8. 167 
5.449 7.816 7. 794 8. 189 8. 167 
6. 357 7.816 7. 794 8. 189 8. 167 
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8. 35 B. 30 8 .25 8 . 20 8 .1 5 8 . 10 8. 05 8 . 00 7 . 95 7 . 90 7.85 7 .80 7 . 75 ppm 
Guest/Host ratio <ioole) Peak A Shift Peak 2 Shift Peak 3 Shift Peak 4 Shift 
0. 1 7.845 7.823 8. 189 8. 167 
0.2 7. 840 7. 818 8. 190 8. 167 
0.3 7. 834 7.812 8. 189 8. 167 
0.4 7. 830 7. 807 8. 189 8. 167 
0. 5 7.824 7.801 8. 189 8. 166 
0.6 7. 821 7. 798 8. 188 8. 166 
0. 7 7. 818 7. 796 8. 188 8. 166 
0. 8 7. 817 7. 795 8. 188 8. 166 
0.9 7. 816 7. 794 8.188 8. 165 
1 7. 816 7. 793 8. 188 8. 165 
2 7. 815 7. 792 8. 188 8. 165 
3 7. 814 7. 792 8. 187 8. 165 
4 7 R14 7 792 8. 187 8. 165 
5 7. 813 7. 792 8.187 8. 165 
6 7. 812 7. 790 8. 187 8. 164 
7 7. 812 7. 790 8. 186 8.164 
8 7.812 7. 790 8. 186 8. 164 
9 7. 811 7. 790 8. 186 8. 164 
10 7.809 7. 792 8. 186 8. 166 
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8 . 2 5 8 .20 8 . 1 5 8 . 1 0 8 .05 8 . 0 0 7 . 95 7 . 90 7 . 85 7.80 7 . 75 ppm 
Guest/Host ratio (mole) Peak A Shift Peak 2 Shift Peak 3 Shift Peak 4 Shift 
0. 1 7.867 7.845 8. 187 8. 166 
0. 2 7. 856 7.834 8. 188 8. 166 
0.3 7. 847 7.826 8. 188 8. 166 
0.4 7. 833 7.812 8. 189 8. 167 
0.5 7.830 7.808 8. 189 8. 167 
0. 6 7.824 7. 801 8.189 8. 167 
o. 7 7. 821 7. 799 8. 189 8. 167 
0.8 7. 819 7. 797 8. 189 8. 166 
0. 9 7.818 7. 796 8. 189 8. 167 
1 7. 817 7. 794 8. 188 8. 166 
2 7.813 7. 791 8. 187 8. 165 
3 7. 814 7. 792 8. 188 8. 166 
4 7. 814 7. 791 8. 188 8. 166 
5 7.814 7. 791 8. 188 8. 166 
6 7. 814 7. 791 8. 188 8. 166 
7 7. 814 7. 792 8. 188 8. 166 
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Figure 65 methyl N-(4-methylbenzoyl) L-alaninate 1H NMR spectrum 
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Figure 73 l ,6-diphenyl-2,4-Hexadiene-l ,6-dione 1H NMR spectrum 
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Figure 74 l,6-diphenyl-2,4-Hexadiene-l ,6-dione C13 NMR spectrum 
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